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Fig. 1 Assembly diagram of gear transmission system
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Fig. 2 Schematic of force applied on motor rotor during traction
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Fig. 5 Block diagram of diagnosis logic for coupling relaxation

TR E A | T EE T, A5
TR E T v, S5, R 1 5%
2 Ml An, WIFFHATHI ;S ¢, PRI
A 5 2 P 2K T A, B I T
B HEA 2 T A, SR FLE R N v U
FAESE I 5 5% BE 2 220N F Ay, T AR
PRSI ) £, 1 27K L 15 22 2/
F Ay, T3] BTG A7 LRI T e B0
PR E R AR (3 0 AN R . ki
Bl Sh i A LRI AP, T A | T
BT . A o o b B A
B, WHE ARSI, MF k45| IO E B A
FLKBE 90 58T . 7 LR S
S, FESIRL T B £ A SR RS

3 IIEMMRXIEIE

TF 5 A BA LA ] PN 3k T A v i 75 3 A 80 km/h (1)
AR AT ARG G, AT IR AL st R 2 Iy R
Wk, LG %IBREE . A0 il SRR DL s # i
TR I, BB IT(E
3.1 BMEIEEL

5 BEEBOH SN 1 PR .

Tl MRS

Table 1  Vehicle-related characteristic parameters

TS Eiztan

I 18 R 80 km/h
V- RA TR 36.3 km/h
ARG 770 ~ 840 mm
iR [F%E 1628 4 mm, [F]%E8 mm
lizilaa 6.687 5

AW2, 0~40 km/h, fE17;
2| 40~55 knv/h, fHI;

55~80 km/h, [ SRHERE

H T BRI AW2, 5~80 km/h, 1EJy

S BELR TR KT WS 8% 3 km/h
SRR TS 3 km/h,

Fr53 s DIBRH ) )
WRIEE W EPRES R, SHER2BMTRNE,
H I8 —E MR BT kDRI HERERYAES] . BB T
AT R RA SR 2 W T TR AR 2 PR

HEERRZS AT

3.2 IFEHEsE

N AR SCAIF S 1 B0 Fah 1 12 W 222 2 IO P [l g
39T B A 7 LT Sy 80 km/h M HBR ZE A, 7E T ARMEIS
UEH, 20— A T AR St DL 430 A
Z=2e T I (< S 2 s B RT3 o v =€ = R 4
PE LR anrE 6 fis .



102 it et

2025 7 H

2 A R st S T

Table 2 Diagnosis threshold of early coupling relaxation fault

I A5, izt
52 WAI IR/ (km-h ™) 10
25 [ W S ] /(km-h ) 10~45
Ll B2 W 4G/ (km-h ") 60
FL il B W S 60 km/h ~ L2 il Bl 5 B
A2 | 22 T/ (r-min™") 15
H il Zh R 251 M/ (r-minT") 15
25 | g Pt /s 5
H 1 S e 1) /s 5
100 2500 =
80 //‘— 2000 £
T 60 1500 &
g /
< ], =
i 40 — 1000 g
# //i//’ 3
20 500 &
b
L \ ) L 50 #
0 5 10 15 20 2
HF 1] /s
— BIZEPE ; BB 1 BB ; AMLAE S | FE 50

— ML 2 Bl ; — ML 3l ; — bl 4 B
Ko #n| oL Ed L

Fig. 6 Data curve of traction condition

G| TOE LT A, B a s, #
Sl B A BT, 3 sJRiRE AWO0 TALHE i, 4]
BT N 1.7 ke/h, R ELAIL 2 %S 1 EU R B T
HAthfhie . 7£5.6 s, FIFEHEE FTFE 10 km/h, FEA
IBCHHh T PN S R RIS W BEYE I, R R AL 2 e
A B B SR 9% 22 r/min, 3RS R R
TEMSIESES s, HHL2 7 s IR A e AR R 25 5 kol
22 r/min ZE 47, £ 10.6 s B4 K #1] 26.8 km/h, A
U, A5 T 000 2 R I RA S IS T AR

TEAT ToL R th 4 an il 7 B o

100 2500
80 2000 &
~ &
<60 1500 ¥
£ .
) =
= 40 1000 5
= s
20 500 &
e
0 3 6 9’
ENE
— BT FLHL 1 F50E 5 LA G| BE4E

— WML 2 BEEE ; — ML 3 BEEE ; — AL 4 BREE
K7 AT LoCEdE ik
Fig. 7 Data curve of coasting condition
AT TALBAR IR ZEnT 71, ATENE 1T 8.6 s INFHY,
HLEEH R 0, AT TR A4y 52.9 km/h, IHEI 4 5

HIMLEE SRR — 8, E SR B ERTT, Habl

VIR N, R, 4 AP ER KN

3r/min, B 2E MERAR SIE ARG LA I TS
Ho i 20 T 0 s i e an 81 8 s o

100 2500 2
o E—— 2000 &
2 60 1500 ¥
- e \ o
% 40 {100
20 500 &
g
. . . &
0 2 4 6 8
B 1] /s
— SN ; BLBL 1 F53EE ; FLAL L B AR 4R

— L2 ; L3 RRE ; —ml4 R,
K8 Hithil g Lot E 2k

Fig. 8 Data curve of electric braking condition

NG ERG B T € o A S B X o) e i
B, Wil gL EIb, fE 15 s BRI AWO TALE
JiHE, BEEE A FEAE TR R 50.3 knvh, RS HL AL 2 1Y
H O I B AT A AL, L2 FE LA LR AR,
AL 32 o/min, I HE B0 AL AT AR s 2 W)
M FEMLISIESES s, ML 2 s IR &K T 455 il
25 v/minZify, 7E6.5s, AWHGIShL LA, Bl
T BIEE A ET N 0, 62050 HE 8 i M 26.6 km/h, A
UEZITFUR AL 2 el S LR B e 2 25 W40/, HER
8 sk, HLIShFEAERE 0, FEHi2E[EE] 1 t/min, [HIiL,
P B T 00 R BT A S S W A 1

ST BT, RIS TR & e AL R
B, LW L2 KA T T A s, XL 2
SR U SRR, PR SEBRTE LU 9 R .

B9 ru AL 2 BBl 1y JRAR 1§ 0
Fig. 9 Coupling disassembly of double-shaft motor 2

RGO Al AL, Xt LB 2 ik e A2 sh R Gt A A A
S DL ML 5 A AT B G O, DR AR DA Y i e 2R
R LA W R, IR SE T AR SC2 W5 i1
AR

4 ZEig

AR SO S 20 2 S A e A R ST b B )



554

EoJe, #tn, KK, RRImEE: SETEAUE AT R AL SR L I S 2 103

S VAR I3 AT S i A I AL AR s A A e AL
Fodfr e 225, HAER D H R REE 5= R
AR R e TR W B HE At A2 T 15 Y A2 T (EL, BT
FEIRRE AT S S G Al I st i R 2 S 2
%o FENREIAESEIT .

@ HIEHIFERY, BT R R E AR 5| 1
DU B g g Bl e o v T AR, 7EAR S ME I XL
YW 5 7R AL B T 00T 2B B A A T e R
Bl , e e SR T Y BOEOIAA s AR AT TO0H T
P2 BN, A i s a W R 22 5 .

@ M BRI & TS Wk . R iRie
Wi R, A5 IR HE AR 22 LA 28 e T A AR W B
IR . A 5] T 00K R/ SR i e 5 M IR e 1
18 R e A I 2R NS W AR, 7RIS W h
SRz R WR AN IS I s H il 3 T 00K ok feirdg
Ao A LE R R TR I 2 AR ) 8 R e B R 2
Wi, fEi2Wrb e & AR AT R A2 W, H
— WAL TR E B T2

@ AN A B2 B2 4, R T AT H Y 42
WRES RO BO2ITR (e . TRMEIRIESS SRR, X
FASSC5 1 2 Wt G 1 A st ke B, i i
Y5 B A — B PR A e BSOS 12 |
HUBLIE L, P00k T 5k i S

SE MR :

(17 XUHE. RZAErh E bR RS 22 5] RGBT HLAG-H
1551, 2022(2): 55-66.

LIU Xiong. Design of traction system for serialized China
standard metro train[J]. Electric drive for locomotives, 2022
(2): 55-66.

(2] A, BUGEHE, XK, 45 . % m BRGNS Sk 8h ) %

HLHL 4 12 W T 5 £33 [0]. HLAR T 7% 24, 2023, 59
(20): 225-243.
YANG Shaopu, GU Xiaohui, LIU Yongqiang, et al. Review
of dynamic mechanism and fault diagnosis for key rotating
components of bogies[J]. Journal of mechanical engineer-
ing, 2023, 59(20): 225-243.

(31 JAfc, BRI, K 3AL, 55 . sk E ik i tL sh R e sh &

WA FEPERIE T[], H A HLE S IR, 2023, 46(6): 28-
33.
ZHOU Zuobin, CHEN Guosheng, ZHANG Youkong, et al.
Research on dynamic meshing characteristics of metro ve-
hicle gear transmission system[J]. Electric locomotives &
mass transit vehicles, 2023, 46(6): 28-33.

[4] EufE, EWR, 3. et sh RGPS W AR 1

oL [I]. HLIAZ 30, 2016, 40(8): 185-192.
WANG lJingyue, WANG Haotian, GUO Lixin. Research
progress of fault diagnosis technology of gear transmission
system[J]. Journal of mechanical transmission, 2016, 40(8):
185-192.

[5]1 VFEER, VIUEHH, KT . — R ks E e AL 3 R e %
ARSI L], LA 5], 2019(6): 115-117.
XU Nannan, XU Haoxiang, ZHANG Zhang. Method for di-
agnosing relaxation state of metro train gear transmission
system[J]. Electric drive for locomotives, 2019(6): 115-117.
[6] 20, (5030, XUOL, %5 . SEF RGN SR BER
IR A 5 5t b s S I a2 W D). b B AL R AR
2023, 43(3): 1200-1209.
LI Xueming, NI Qiang, LIU Kan, et al. Real-time diagnosis
of gear slack fault in electric locomotive based on system
signal time-series feature recognition[J]. Proceedings of the
CSEE, 2023, 43(3): 1200-1209.
(7] D HX03C BUHLA-A2 5| v BIL/IN A 4 ot 2 i o 1 I 11
3T B AL BR[T]. HLZEHLAE B)), 2014(6): 97-98.
TAN Bin. Analysis and treatment of pinion relaxation fault
alarm for traction motor of HXp3C locomotive[J]. Electric
drive for locomotives, 2014(6): 97-98.
(8] HEAaRX, £, £ 2. A4S i Znpy LRG0, i
MLG 5B 44, 2009, 32(3): 65-66.
XIA Jinfeng, WANG Yan, REN Guanghui. Prevent measure
for locomotive motor wheel relaxation[J]. Electric locomo-
tives & mass transit vehicles, 2009, 32(3): 65-66.
(9] W BGA, XK . 425 | HUALRH R 558 B/ )N A e b G2 e s b
FR[T]. ML HLAL S, 2005(3): 72-73.
CAO Diantao, LIU Zhenhai. Failure handling of bearing
blocking and pinion slack for traction motor[J]. Electric
drive for locomotives, 2005(3): 72-73.
FRMONE . MR AR 22 BRAB A DL [T]. kT L1 S8 F
5%, 2023, 26(4): 41-46.
GUO Yanhui. Research on wheel diameter difference limit
value of metro vehicle[J]. Urban mass transit, 2023, 26(4):
41-46.
(117 A AR 77 s Al 4042 5 | R AR RE DI g
WFFE0]. BRESEAE 1 S TR, 2022, 19(9): 79-84.
GU Jian, REN Ningning. Research on wheel diameter cali-

[10

—

bration function of urban rail transit vehicles traction system
[J]. Railway signalling & communication engineering,
2022, 19(9): 79-84.

R, bk, £385F, 55 FI R AR 20 425 | RGE Y
M) AR AR AP RS IS [T, 415 4240, 2018, 56(5): 33-36.
LIANG Dawei, YANG Qilin, WANG Shanfen, et al. Study

on the influence of wheel diameter difference on traction

[12

—_—

system and corresponding protection measures[J]. Rolling
stock, 2018, 56(5): 33-36.

[13] ZEFUg, K Ip V-, FAFFE, 45 BET 3R A8 (L A AG I ) 3t Bk

TR =5 B AT 1 SR (J]. H T LG R A A,
2018, 41(4): 76-78.
QIN Xiaofeng, ZHANG Longping, WANG Haode, et al.
Anti-aircraft turn/taxi control strategy of subway vehicles
based on speed change rate detection[J]. Electric locomo-
tives & mass transit vehicles, 2018, 41(4): 76-78.



104 it et 2025 47 A

[14] XURBH, 2R, B BH, 45 . 0N 28 Bt k51 22 Bl 5 e By v Ja SR LALTF A [T]. HLZEHL% 3, 2023(6): 99-105.
TTHIRFFE[I]. MLE AL 81, 2022(1): 37-44. WU Yunfei, LU Yuanji, MOU Rong, et al. A study on opti-
LIU Junming, LI Ke, LU Xiangyang, et al. Research on anti- mization of starting strategy for metro trains based on trac-
slip and anti-slide for driverless metro train[J]. Electric tion and braking characteristics[J]. Electric drive for loco-
drive for locomotives, 2022(1): 37-44. motives, 2023(6): 99-105.

[15] Rz K, Bl s, 228, 55 JE T2 51 S Re i ek 4=

Research on online monitoring and diagnosis of early coupling relaxation
fault based on motor speed

WANG Long', PAN Guangyun’, WU Yunfei', LU Yuanji', MOU Rong'

(1. Zhuzhou CRRC Times Electric Co., Ltd., Zhuzhou, Hunan 412001, China;
2. Locomotive Maintenance Branch Company, CHN ENERGY Xinshuo Railway, Erdos, Inner Mongolia 017010, China)

Abstract: The traction system of urban rail vehicles is equipped with couplings to connect motors and gearboxes, and the coupling
status directly impacts the effective transmission of both traction force and electric braking force. A force analysis conducted on motor
shafts under traction, coasting, and electric braking conditions reveals that when early relaxation occurs on a coupling, the motor associated
with this faulty coupling rotates significantly faster than motors with normal couplings during traction, and significantly slower during
electric braking. A fault diagnosis method is proposed based on these characteristic speed differences. The corresponding fault diagnosis
logic is designed, and the practical diagnostic model was constructed, with rational diagnosis parameters including thresholds, speed
ranges, and delay times, selected according to the traction and electric braking characteristics of vehicles used in specific engineering
projects. This approach fully accounts for the influences of wheel diameter differences and slipping/sliding states on motor speeds. The
proposed method was successfully validated in a practical engineering application, where an early coupling relaxation fault was identi-
fied using this method. Analyzing the fault data revealed that the speed characteristics of the faulty coupling aligned with the theoretical
predications. Subsequent disassembly showed clear wear marks on the motor shaft, further confirming the effectiveness of the early cou-
pling relaxation fault diagnosis method developed in this paper. This method provides an efficient and reliable solution for online moni-
toring in this field.

Keywords: urban rail vehicles; early coupling relaxation; speed difference; fault diagnosis; status monitoring
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